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n the 45-to 74-year-old group of the Framingham Study, 1 heart failure (HF) was twice as common in diabetic men and five times more common in diabetic women as it was in nondiabetic subjects and in patients under age 65. HF was fourfold higher in diabetic males and eightfold higher in diabetic females.
In a health maintenance organization of almost 10,000 type 2 diabetic subjects, 12% initially had HF, and HF developed at a rate of 3.3% per year in the remainder. The incidence of heart failure increases with age.
2 In a 43-month nursing home study, of residents without heart failure, 3 39% of diabetic residents (10.9% per year) and 23% of nondiabetic residents (6.4% per year) developed HF.
Conversely, the prevalence of diabetes in HF patients is between 30 and 40%. 4 This has been shown in an elderly Italian population, in patients admitted to hospital with HF, and in subjects in HF studies. Furthermore, HF has been shown to be an independent risk factor for the development of diabetes, and, in the U.K. Prospective Diabetes Study, 5 the prevalence of HF was proportional to the hemoglobin A 1c (A1C), with no upper or lower threshold.
The prognosis for diabetic patients with HF is worse than that of nondiabetic HF patients. In the Studies of Left Ventricular Dysfunction (SOLVD) and Randomized Evaluation for Strategies of Left Ventricular Dysfunction trials, the presence of diabetes was an independent risk factor for death. In the Diabetes Insulin Glucose in Acute Myocardial Infarction (DIGAMI) study, HF account- ed for 66% of the deaths in the first year.
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Etiology of HF With Diabetes
Diabetes is clearly associated with an increased prevalence of HF, and the probable reasons for this are the coexistence of hypertension, myocardial ischemia, and a specific diabetic cardiomyopathy (DC), known as the "cardiotoxic triad," which causes biochemical, physiological, and anatomical alterations in cardiac tissue leading to cardiac dysfunction.
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Diabetic Cardiomyopathy
The high incidence and poor prognosis of HF in diabetic patients has been linked to the presence of DC characterized by myocellular hypertrophy and myocardial fibrosis, which leads to diastolic dysfunction. Diastolic dysfunction is present in 50-60% of type 2 diabetic patients and is almost always present in diabetic patients with microalbuminuria. Diastolic dysfunction is related to A1C levels, and the most likely reason for this is the accumulation of advanced glycosylation end-products in the myocardium. Lipotoxicity due to accumulation of free fatty acids (FFAs) and their oxidative products in the myocardium may also be a factor. 8 Hypertension can further damage myocardial contractile proteins, increase myocardial fibrosis, and generate a hypertrophic state that results in mild diastolic and later systolic dysfunction. The addition of myocardial ischemia changes a mildly dysfunctional myocardium due to diabetic cardiomyopathy or a moderately dysfunctional myocardium due to the combined effects of diabetic cardiomyopathy and hypertension into a severely dysfunctional myocardium, which can result in terminal heart failure.
The end result of this deadly cardiotoxic triad is a fibrotic noncompliant myocardium initially with diastolic but later with systolic dysfunction. Worsening of the HF can occur if papillary muscle fibrosis causes insufficiency of the mitral valve, which adds a mechanical burden to the already dysfunctional myocardium. In most cases of severe HF, all three components of the cardiotoxic triad are present, but any one of them may predominate.
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When a diabetic patient presents with HF, evaluation for coronary artery disease (CAD) is essential, because revascularization can significantly improve myocardial function. It is not unusual for such a patient with severe HF to have unobstructed coronary arterBecause of the cardiotoxic triad (diabetic cardiomyopathy, hypertension, and coronary artery disease), heart failure (HF) has an increased prevalence and worse prognosis in diabetic patients. Treatment of HF is directed to glycemic control and blockade of the renin-angiotensin and sympathetic nervous system, primarily with angiotensin-converting enzyme inhibitors and a combined ␣-/␤-blocker. The goal is preventing and reversing myocardial remodeling, which will improve ventricular function. leads to cellular hypertrophy and changes in the size and shape of the left ventricle, a process known as remodeling. Although remodeling results in an increase in myocardial mass, the placement of the muscle is such that it decreases rather than improves myocardial performance.
This deterioration in myocardial function further stimulates the RAS and SNS, resulting in acceleration of the remodeling process and further deterioration in myocardial function. Eventually, myocardial function declines to a level that results in HF. Thus, a process that initially is adaptive and protective eventually results in worsening of myocardial function and HF.
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Early Detection of HF According to the American College of Cardiology/American Heart Association HF guidelines, diabetes is a risk factor for HF. Older age, longer duration of diabetes, insulin utilization, and obesity are also risk factors for HF. However, the major risk factor for congestive HF in diabetic patients is hypertension, which occurs in 75% of type 2 diabetic patients. Therefore, awareness of the presence of these risk factors should alert prudent physicians to the possibility that HF is present in their diabetic patients and prompt them to look for symptoms and signs of HF. Unfortunately, many patients with HF do not have symptoms or signs of HF, in many cases because of inactivity. A simple in-office exercise tolerance test, either walking the patient or performing a graded exercise test, can be very revealing.
Screening of patients suspected of having HF with plasma brain naturetic peptide (BNP) has a sensitivity of 92% and a specificity of 72% for HF. 16 Like atrial naturetic peptide (ANP), BNP is elevated with increased cardiac filling pressure, but unlike ANP, it is not affected by hyperglycemia. Utilizing BNP as a screen for HF leads to utilization of the definitive two-dimensional and pulsed Doppler echocardiography, which is ies. This has led to diabetic microangiopathy being considered in the etiology of diabetic cardiomyopathy and HF.
In general, microvascular ischemia has been excluded by the absence of increased lactate production during atrial pacing in such patients. 10 However, endothelial dysfunction, which is present with both hyperglycemia and insulin resistance, could, with multiple episodes of vasoconstriction and subsequent reperfusion injury, lead to myocardial fibrosis and dysfunction.
11 Furthermore, increased permeability of the smaller coronary vessels associated with endothelial dysfunction could lead to interstitial edema, fibrosis, and dysfunction of the myocardium. 12 Finally, defective angiogenesis in response to hypoxia has been reported in diabetic patients, and this could lead to a decrease in capillary density and an ischemic cardiomyopathy.
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Activation of the Renin-Angiotensin and Sympathetic Systems
Experimental models of diabetic cardiomyopathy show the same biochemical and molecular abnormalities in the myocardium that occur with hemodynamic overload. In addition, hyperglycemia has been shown to activate the exact same pathways (protein kinase C and mitogen-activated protein kinase) that are activated by hemodynamic overload in mechanical stretch or increased ventricular wall stress. 14 Activation of these pathways leads to decreased myocardial performance, which leads to activation of the renin-angiotensin system (RAS) and the sympathetic nervous system (SNS) to avoid tissue hypoperfusion. This is initially a protective mechanism, but sustained stimulation of the RAS and SNS and other autocrine and paracrine systems leads to progressive loss of cardiac myocytes. This is because of accelerated myocardial apoptosis and necrosis, which in turn leads to further myocardial dysfunction and the downward spiral of cardiac failure. In addition, activation of the RAS and SNS Treatment of HF Although diuretics and digoxin improve the symptoms and signs of HF and improve quality of life for diabetic HF patients, their utilization has no effect on mortality.
18 If mortality is to be improved, the remodeling process must be at least halted and preferably reversed. Large clinical trials have shown that remodeling can be halted and reversed, ventricular function improved, and morbidity and mortality reduced through the utilization of drugs that interfere with the RAS and SNS and that, in diabetic patients, glycemic control is likely to be important, as well.
Glycemic Control
The potential for glycemic control in improving the outcome for diabetic patients with HF has never been fully examined. However, based on pathophysiological, epidemiological, and clinical observations, glycemic control should be considered as part of a comprehensive management strategy for HF in diabetic patients. 7 With hyperglycemia and the inability of glucose to enter the myocardiocyte due to hypoinsulinemia, the myocardium shifts to utilization of FFAs, which promotes and increases myocardial workload and ischemia. In addition, high FFA levels, which occur with both hyperglycemia and insulin resistance, may, by increasing sympathetic activity and myocardial calcium levels, be cardiotoxic and arrythmogenic. By stimulating the activity of pyruvate dehydrogenase, dichloracetate mimics the effect of reducing FFA utilization in nondiabetic patients, with decreased myocardial oxygen consumption and improved ventricular function. 19 In addition, use of the thiazolidinedione (TZD) troglitazone has resulted in decreased myocardial FFA levels and reversed FFA-induced myocardial apoptosis. The cardiotoxicity vascular endothelial growth factor, which increases capillary permeability. This causes an edema that is similar in etiology to the edema that occurs with the dihydropyridine calcium channel blockers. The edema does not respond to diuretics, ACE inhibitors, ARBs, or aldosterone receptor blockers. 24 Overall, the plasma volume increases by as much as 6% in TZD-utilizing diabetic patients. This increase may cause a dilutional anemia that is potentially advantageous because there is retention of red cell mass and oxygen-carrying capacity and, with the higher plasma volume, a decrease in blood viscosity and improved blood flow. 25 However, in diabetic subjects with diastolic dysfunction who are destined to develop HF, this increase in plasma volume can prematurely precipitate the development of HF. 8 In the situation of an "ill wind," this may be beneficial, because earlier therapy with ACE inhibitors and ␤-blockers will result in earlier and better remodeling of the ventricle. This is particularly important because undiagnosed left ventricular dysfunction, even in asymptomatic patients, is associated with an increased incidence of sudden death caused by arrhythmias.
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When a patient has been diagnosed with HF, the question of whether TZDs should be used or continued to be used is unanswered. Based on their package inserts, both rosiglitazone and pioglitazone TZDs can be used in both Class 1 and Class 2 New York Heart Association HF (i.e., patients who can walk 200 yards without dyspnea). Until ongoing studies of TZDs in HF are presented or published, TZDs should be used with caution in HF. This is particularly true when TZDs are being utilized with insulin. Starting with a lower-thanrecommended dose and slowly increasing the dose is prudent. Patients should be informed that a weight gain of > 7 lb should trigger a call to the physician. Withdrawal of TZDs will, within 3 days, reverse the fluid overload, and restarting the TZDs at half the original dose should then be considered.
F E A T U R E A R T I C L E
of elevated FFAs has been linked to the disruption of the structure and function of plasma membranes and to an increase in intracellular calcium and cardiac workload.
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In the DIGAMI study, diabetic patients who had sustained a myocardial infarction (MI) received intravenous insulin followed by multiple daily injections of subcutaneous insulin based on the belief that shifting substrate utilization of the myocardium away from FFA toward glucose would result in a decreased myocardial workload and less myocardial ischemia. That this strategy worked was seen at 1 and 2 years, with decreased mortality in those patients who had sustained a first MI and had no previous history of HF.
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Use of TZDs
TZDs, by reducing insulin resistance, reduce the cardiac risk factors of endothelial dysfunction, inflammation, microalbuminuria, plasminogen activator inhibitor, increased adhesion molecule levels, decreased LDL and HDL particle sizes, and accelerated vascular smooth muscle cell proliferation. In addition, it has been conclusively shown in both animal and human studies that TZDs have no adverse effects on the myocardium. In fact, animal studies have shown that TZDs may have a positive effect on myocardial remodeling. 20 However, there is some concern regarding TZD use in patients with or at high risk of HF because of the potential of these drugs to induce edema. Edema with TZDs occurs for three reasons. First, with the return of insulin sensitivity, the ability of insulin to act on the distal tubule of the kidney to retain sodium is increased, an effect that may be relieved with diuretics.
22 Second, with the return of insulin sensitivity, the ability of insulin to vasodilate the microcirculation leads to activation of the RAS. This effect may be reversed utilizing angiotensin-converting enzyme (ACE) inhibitors, ARBs, spironolactone, or eperolone. 
ACE Inhibitors and ARBs
Angiotensin II is a potent vasoconstrictor that also causes cardiac myocytic hypertrophy and production of collagen by these cells, leading to myocardial fibrosis. 27 Not only are these effects ameliorated by ACE inhibition and blocking of the AT 1 receptor, but also with ACE inhibitors bradykinin and prostacyclin levels are increased, which mediates the release of nitric oxide and improves both the hypertrophy of the myocyte and cardiac fibrosis. 28 Previously, based on retrospective subgroup analysis of the Valsartan in Heart Failure Study, 29 it was believed that in patients already on ACE inhibitors and ␤-blockers the addition of an ARB increased mortality. However, the recent Candesartan in Heart Failure: Assessment of Reduction in Mortality and Morbidity (CHARM) study showed a benefit of adding candesartan to a HF regimen of ␤-blockers and ACE inhibitors. 30 Conversely, studies of highrisk type 2 diabetic patients with macroalbuminuria utilizing either losartin or ibersartin, while showing improvement in progression of renal disease, did not show a benefit in cardiac or overall mortality.
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On the other hand, ACE inhibitors have repeatedly shown a reduction in mortality in diabetic HF patients with or without systolic dysfunction. The mechanism for this improvement is through myocardial remodeling. ACE inhibitors prevent rather than reverse remodeling so that their effect depends on how soon after an acute event they are initiated.
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ACE inhibitors are at least as effective in reducing mortality in diabetic patients as in nondiabetic patients and are clearly of value in the treatment of diabetic patients with HF. Evidence of this is available from the Survival and Ventricular Enlargement Study, in which captopril reduced the mortality rate in both diabetic and nondiabetic subjects following MI, though the mortality rate of treated diabetic patients was higher than that of untreated nondiabetic In the normal myocardium, the most predominant activity is through the ␤1 receptor. However, in the failing myocardium, irrespective of the cause of the HF, there is activity of not only ␤1 but also ␤2 and ␣-1 receptors. In multiple large trials, use of the third-generation ␤-blocker carvedilol has shown an initial decrease in ejection fraction followed by improvement after 1 month and significant improvement by 3 months, with an increased ejection fraction accompanied by reduced ventricular volumes. Indeed, after 18 months with carvedilol, left ventricular mass is decreased, and the initially spherical ventricle is remodeled to a normal elliptical shape.
40 Improvement in left ventricular function has also been observed with metoprolol at high doses, in which both ␤1 and ␤2 blockade occur, but ␣-1 blockade does not. 41 As much as 30% of the patients enrolled in ␤-blocker HF trials had diabetes, and outcomes were equally as good in diabetic and nondiabetic subjects. 42 However, unlike ACE inhibitors, ␤-blockers are often withheld from diabetic patients because of fear of hypoglycemia, which is a realistic concern for those with type 1, but not for typical type 2 diabetic patients. Vasoconstriction because of unopposed alpha activity leads to not only worsening of peripheral vascular disease, but also insulin resistance and loss of glycemic control. Many of these problems can be avoided by using a third-generation ␤-blocker such as carvedilol, a nonselective ␤-blocker with ␣-1 blocking properties. Through its vasodilating properties, carvedilol lowers insulin resistance, glucose, and triglyceride levels; increases HDL levels; and improves the peripheral circulation.
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Conclusion HF has an increased prevalence and carries a worse prognosis in the diabetic population. Diabetic cardiomyopathy in conjunction with hypertension and CAD (the cardiotoxic triad) leads to activation of the RAS and SNS. This, in turn, leads to cardiac remodeling, patients.
33 Use of enalapril in the SOLVD trials 34 was associated with greater efficacy in asymptomatic, compared with symptomatic, diabetic patients, which reemphasizes the prophylactic rather than curative effects of ACE inhibitors on myocardial remodeling. In the Gruppo Italiano per lo Studio della Sopravvivenza nell Infarto Miocardico (GISSI-3) trial, 35 use of lisinopril post-MI resulted in a lower 6-week mortality in diabetic subjects. In the Assessment of Treatment with Lisinopril and Survival study 36 of class II-IV HF patients, the risk of death was reduced by more than half in diabetic subjects utilizing lisinopril.
␤-blockers
In the failing heart, activation of the SNS has harmful effects. Norepinephrine, acting through ␣-1 receptors, downregulates the ␤1 and mildly upregulates ␤2 receptors, is directly toxic to the myocardium, and stimulates fetal gene expression and myocardial remodeling. 37 Activation of the SNS is increased in both diabetes and the insulin resistance syndrome, in which hyperinsulinemia is associated with an elevated heart rate.
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In addition, angiotensin II not only is toxic to the myocardiocyte, but also increases norepinephrine production. 39 Therefore, effectively preventing myocardial remodeling requires blockade not only of the RAS, but also of the SNS. Effective blockade of the latter requires inhibition at both ␤1 and ␤2 receptors as well as the ␣-1 receptor.
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There are three generations of ␤-blockers. First-generation agents, such as propanolol and timolol, are contraindicated in HF because of their depressant effect on the myocardium. The secondgeneration ␤-blockers metoprolol, atenolol, and bisoprolol can be used safely in HF but are of limited efficacy at low doses because of their specificity for the ␤1 receptor. The third-generation ␤-blockers carvedilol and labetalol were developed to comprehensively inhibit both ␤1 and ␤2 receptors as well as the ␣-1 receptor. Cardiol 77:1017 Cardiol 77: -1020 Cardiol 77: , 1996 35 Zuanetti G, Latini R, Maggioni AP, Franzosi M, Santoro L, Tognoni G : Effect of the ACE inhibitor lisinopril on mortality in diabetic patients with acute myocardial infarction: data from the GISSI-3 study. Circulation 96: [4239] [4240] [4241] [4242] [4243] [4244] [4245] 1997 
